A graph G is said to be chromatic-choosable if ch(G) = (G). Ohba has conjectured that every graph G with 2 (G) + 1 or fewer vertices is chromatic-choosable. It is clear that Ohba's conjecture is true if and only if it is true for complete multipartite graphs. But for complete multipartite graphs, the graphs for which Ohba's conjecture has been verified are nothing more than K 3 * 2,2 * (k−3),1 , K 3,2 * (k−1) , and K s+3,2 * (k−s−1),1 * s . These results have been obtained indirectly from the investigation about complete multipartite graphs by Gravier and Maffray and by Enomoto et al. In this paper we show that Ohba's conjecture is true for complete multipartite graphs K 4,3,2 * (k−4),1 * 2 and K 5,3,2 * (k−5),1 * 3 . By the way, we give some discussions about a result of Enomoto et al.
Introduction
List colorings are generalizations of usual colorings that were introduced independently by Vizing [11] , and by Erdős et al. [3] . For a graph G and each vertex u ∈ V (G), let L(u) denote a list of colors available for u, L ={L(u)|u ∈ V (G)} is said to be a list assignment of G. If |L(u)| = k for all u ∈ V (G), L is called a k-list assignment of G. An L-coloring from a given list assignment L is a proper coloring c, i.e.
, c(u) = c(v) whenever uv ∈ E(G), for every u, v ∈ V (G), satisfying that c(u) ∈ L(u) for every u ∈ V (G). We call a graph G to be L-colorable if G admits an L-coloring. A graph G is called k-choosable if G is L-colorable for every k-list assignment L. The choice number ch(G) of a graph G is the smallest k such that G is k-choosable.
Clearly, ch(G) (G) holds for every graph G, where (G) denotes the chromatic number of G. On the other hand, Erdős et al. showed that bipartite graphs can have arbitrarily large choice number. It is significant to investigate the conditions or give some graph classes, in which each graph satisfies ch(G) = (G). For convenience, a graph G is called chromatic-choosable, if ch(G) = (G) [8] . About the chromatic-choosable graphs, some results and conjectures have been obtained, such as the famous list chromatic conjecture (see [6] ), and the positive answer for line graphs of bipartite graphs (see [4] ) (for more information we refer the interested reader to Alon [1] and Woodall [12] ). Here we focus our attention on Ohba's conjecture: Conjecture 1.1 (Ohba [8] ). If |V (G)| 2 (G) + 1, then ch(G) = (G).
For Conjecture 1.1, some special cases have been verified from the results of choice number of some complete multipartite graphs. We use the notation K l * r for a complete r-partite graph in which each part is of size l. Notations such as K l * r,m * t , etc. are used similarly. With the above notation, we restate the results of choice number of some complete multipartite graphs as follows: [5] ). If k 3, ch(K 3 * 2,2 * (k−2) ) = k.
Theorem 1.3 (Gravier and Maffray
Theorem 1.4 (Enotoma et al. [2]). ch(K 4,2 * (k−1) ) = k if k is odd; k + 1 if k is even.
Theorem 1.5 (Enotoma et al. [2]). If
From Theorems 1.3-1.5, it is clear that Ohba's conjecture is true for K 3 * 2,2 * (k−3),1 , K 3,2 * (k−1) , K 4,2 * (k−2),1 and K s+3,2 * (k−s−1),1 * s , and all k-partite subgraphs of them. By Theorem 1.6, let r = t + 1 and k = r + t, we know that ch(K 3 * (t+1),1 * t ) = k. Namely, Conjecture 1.1 is true for K 3 * (t+1),1 * t and its all k-partite subgraphs.
As a general situation, Reed and Sudakov [10] gave a weaker version of Ohba's conjecture. They showed that Theorem 1.7 (Reed and Sudakov [10] ).
Furthermore, for the graphs with independence number at most three, as a weaker version of Ohba's conjecture, Ohba [9] proved that Theorem 1.8 (Ohba [9] 
). Let G be a graph with |V (G)| 2 (G). If the independence number of G is at most 3, then G is chromatic-choosable.
Because every -chromatic graph is a subgraph of a complete -partite graph, Ohba's conjecture is true if and only if it is true for complete -partite graph. Namely, Conjecture 1.1 is equivalent to Conjecture 1.2.
In this paper, we will show that Conjecture 1.2 is true for another two special graph classes. In Section 2, we study some questions about a k-list assignment L of G, where |V (G)| = 2k + 1. We introduce or establish some lemmas and propositions involving the conditions on the list assignment L which ensure that such a graph G is L-colorable or G is not L-colorable. Using these lemmas and propositions, we will show that ch(K 4,3,2 * (k−4),1 * 2 ) = k, ch(K 5,3,2 * (k−5),1 * 3 ) = k in Sections 3 and 4, respectively. Namely, for complete multipartite graphs K 4,3,2 * (k−4),1 * 2 and K 5,3,2 * (k−5),1 * 3 , we show that Ohba's conjecture is true. In Section 5, we give some discussions about Theorem 1.5. The techniques of our proof in this paper are mainly from Refs. [7, 2] . In [7] , the following lemma is proved. Here the statement is slightly different. 
Some lemmas and propositions

For a graph G and a subset
Under the above assumption, we have the following propositions.
Proof. Suppose that there exists a color
This is a contradiction.
Ohba's conjecture is true for graphs K 4,3,2 * (k−4),1 * 2 (k 4)
In order to prove that ch(K 4,3,2 * (k−4),1 * 2 ) = k by induction, we shall show that ch(K 4,3,1,1 ) =4 first. Proof. For G = K 4,3,1,1 , denote its four parts as
Let A be a largest subset of V 1 such that x∈A L(x) = ∅, then we know that 2 |A| 3 by Propositions 2.1 and 2.2.
In particular, L does not satisfy Hall's condition. Let X be a maximal subset of V (G ) such that |L (X)| < |X|. In the following, we will prove that G [X] is L | X -colorable. Then G is L -colorable by Lemma 2.1. Thus, we obtain a contradiction.
By the maximality of A, we have that |L (x)| = 4 for every x ∈ V 1 \A. And by Proposition 2.1, we assume, without loss of generality, that |L (y 1 )| 3, |L (y 2 )| 3 and |L (y 3 )| = 4. We also know that |L (w i )| 3 for i = 1, 2.
Note that |X ∩ V 2 | is at least one (as |L (X)| < |X|). We consider three cases according to the size of X ∩ V 2 .
In this case, |X\V 1 | 3. As |L (u)| 3 for every u ∈ X\V 1 , and |L (x)| = 4 for every x ∈ X ∩ V 1 , it is easy to see
Denote by y p and y q the two vertices of X∩V 2 , and by y t the remaining vertex of V 2 . Clearly, X ⊆ {y p , y q ,
In this case, {y 1 , y 2 , y 3 } ⊂ X.
Otherwise, 7 |L (X)| < |X| |V (G )| 7. This is a contradiction.
Suppose that the claim is not true, then |A| = 3, or |A| = 2 and
If |A| = 3, or |A| = 2 and |X ∩ V 1 | 1, view the above two situations as a whole, we have |X ∩ V 1 | 1 and |X| 6. We only need to consider L (y 1 ) and
Thus, we have that 7 |L (X)| < |X| |V (G )| 7. This is a contradiction.
Since |A| = 2, |X ∩ V 1 | = 2 and | x∈X∩V 1 L (x)| 2, without loss of generality, let A = {x 3 ,
The reason is that we can replace A by {x 1 , x 2 }, and c 1 by c 2 , and can obtain an assertion similar to Claim 3.2. Let 
Combining all the discussions above, Theorem 3.1 holds.
Remark 3.1. In fact, if G has a list assignment as above, we can prove that G is L-colorable directly. 
Suppose that there exists a color a ∈ L(u i ) ∩ L(v i ). Then assign a to both u i and v i , and apply induction to G − U i and L − a. Thus we can obtain an L-coloring of G, a contradiction.
In particular, L does not satisfy Hall's condition. Let X be a maximal subset of V (G ) such that |L (X)| < |X|. In the following, we will prove
Thus, we obtain a contradiction.
By the maximality of A, we have that |L (x)| = k for every x ∈ V 1 \A. By Proposition 2.1, we assume, without loss of generality, that |L (y 1 )| k − 1, |L (y 2 )| k − 1 and |L (y 3 )| = k. And by Claim 3.5, we know that 
Case 2: |A| = 2 and |X ∩ V 1 | = 2. |A| = 2 and |X ∩ V 1 | = 2 also implies that |X| 8. Without loss of generality, say A = {x 4 ,
Case 3: |A| = 2 and |X ∩ V 1 | = 3. In this case, without loss of generality, say As A is a largest subset of V 1 and |A|=2, we can also choose A={x 1 , x 2 } and c 1 =1 in the beginning. In the condition of G being not L-colorable, with the same method, we obtain either a previously considered case or that |A| = 2 and
Since A is maximal, we have {a, b} ∩ {1, 2, 3, 4, 5, 6} = ∅. Thus, {3, 4, 5, 6, a, b} ⊆ L(x 3 ), and hence |L(x 3 )| 6. This is a contradiction.
Combining all the discussions above, Theorem 4.1 holds.
Proof. The proof of Theorem 4.2 is similar to the proof of Theorem 3.2 completely, so we omit it.
Some discussions about Theorem 1.5
Firstly, we point out that Theorem 1.5 [2] is also true for m 2s + 2. Namely, Theorem 1.5 can be improved as follows. 
